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ABSTRACT 11 
 12 
The mixed anion mineral dixenite has been studied by Raman spectroscopy, 13 
complimented with infrared spectroscopy.  The Raman spectrum of dixenite 14 
shows bands at 839 and 813 cm-1 assigned to the (AsO3)3- symmetric and 15 
antisymmetric stretching modes.  The most intense Raman band of dixenite 16 
is the band at 526 cm-1 and is assigned to the ν2 AsO33- bending mode.  DFT 17 
calculations enabled the position of AsO22- symmetric stretching mode at 839 18 
cm-1, the antisymmetric stretching mode at 813 cm-1, and the deformation 19 
mode at 449 cm-1 to be calculated.   Raman bands at 1026 and 1057 cm-1 are 20 
assigned to the SiO42- symmetric stretching vibrations and at 1349 and 1386 21 
cm-1 to the SiO42- antisymmetric stretching vibrations.  Both Raman and 22 
infrared spectra indicate the presence of water in the structure of dixenite.  23 
This brings into question the commonly accepted formula of dixenite as 24 
CuMn2+14Fe3+(AsO3)5(SiO4)2(AsO4)(OH)6.  The formula may be better 25 
written as CuMn2+14Fe3+(AsO3)5(SiO4)2(AsO4)(OH)6·xH2O. 26 
 27 
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 33 
 The mineral dixenite of formula CuMn2+14Fe3+(AsO3)5(SiO4)2(AsO4)(OH)6 is a mixed 34 
anionic mineral with arsenate, arsenite and silicate in the structure 1.   Dixenite is a rare 35 
mineral originating from Langban, Sweden.  The mineral is the only mineral of its type to 36 
contain silicate and arsenate anions in the structure. The mineral is rhombohedral 2,3.  The 37 
structure of dixenite is related to that of the minerals macgovernite 38 
Mn9Mg4Zn2As2Si2O17(OH)14, and hematolite (Mn,Mg,Al)15(AsO3)(AsO4)2(OH)23 39 
4.  Dixenite and hematolite have closely related structures, but are not isotypic 4. 40 
 41 
 42 
The aim of this paper is to report the Raman spectra of dixenite complimented with its 43 
infrared spectra.  The spectra are related to the molecular structure of dixenite.  The paper 44 
follows the systematic research on Raman and infrared spectroscopy of secondary minerals 45 
containing oxy-anions formed in oxidation zone.            46 
 47 
EXPERIMENTAL 48 
 49 
Minerals 50 
 51 
The mineral dixenite was supplied by The South Australian Museum and originated from 52 
Langban, Sweden.   53 
 54 
Raman spectroscopy 55 
 56 
The crystals of dixenite were placed and oriented on the stage of an Olympus BHSM 57 
microscope, equipped with 10x and 50x objectives and part of a Renishaw 1000 Raman 58 
microscope system, which also includes a monochromator, a filter system and a Charge 59 
Coupled Device (CCD). Further details have been published 5-13.   60 
Infrared spectroscopy 61 
Infrared spectra were obtained using a Nicolet Nexus 870 FTIR spectrometer with a 62 
smart endurance single bounce diamond ATR cell. Spectra over the 4000525 cm-1 range 63 
were obtained by the co-addition of 64 scans with a resolution of 4 cm-1 and a mirror velocity 64 
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of 0.6329 cm/s. Spectra were co-added to improve the signal to noise ratio.  The minerals 65 
were used as is. No sample preparation was involved. 66 
 67 
Band component analysis was undertaken using the Jandel ‘Peakfit’ (Erkrath, 68 
Germany) software package which enabled the type of fitting function to be selected and 69 
allowed specific parameters to be fixed or varied accordingly. Band fitting was done using a 70 
Lorentz-Gauss cross-product function with the minimum number of component bands used 71 
for the fitting process. The Lorentz-Gauss ratio was maintained at values greater than 0.7 and 72 
fitting was undertaken until reproducible results were obtained with squared correlations ( r2) 73 
greater than 0.995.  Band fitting of the spectra is quite reliable providing there is some band 74 
separation or changes in the spectral profile.   75 
RESULTS AND DISCUSSION 76 
 77 
 The mineral dixenite contains four vibrating units (a) hydroxyl units (b) arsenate ions 78 
(c) arsenite ions (d) silicate units.   Each of these units will have its individual spectrum and 79 
these spectra may overlap with one another.  The Raman spectrum of dixenite in the 600 to 80 
1400 cm-1 region is shown in Fig. 1.  Raman bands above ~1000 cm-1 are associated with the 81 
SiO42-  tetrahedra.   One possible assignment is that the bands at 1026 and 1057 cm-1 are 82 
assigned to the SiO42- symmetric stretching vibrations.  The two Raman bands at 1349 and 83 
1386 cm-1 may be attributed to the SiO42- antisymmetric stretching vibrations.  The infrared 84 
spectrum of dixenite in the 500 to 1600 cm-1 region is displayed in Fig. 2.  In the infrared 85 
spectrum, the intensities are the opposite of that observed in the Raman spectrum.  The low 86 
intensity bands at 1102 and 1127 cm-1 are attributed to the SiO42- symmetric stretching 87 
vibrations.  The bands at 1341 and 1361 cm-1 are assigned to the SiO42- antisymmetric 88 
stretching vibrations.  The observation of multiple silicate bands suggests that the silicate 89 
units are not identical in the dixenite structure. A crystallographic study by Araki and Moore 90 
defined the structure of dixenite 14. However this study suggested the equivalence of all 91 
silicate units in the dixenite structure. The low intensity bands at 944 and 1249 cm-1 may be 92 
probably attributed to hydroxyl deformation modes.   93 
 94 
The two infrared bands at 1565 and 1649 cm-1 are attributed to water bending modes. 95 
The first band is associated with ‘free’ or non-hydrogen bonded water. The second band is 96 
associated with water which is strongly hydrogen bonded. Hawthorne has stated that water is 97 
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essential for the structure and stability of minerals 15. Water in minerals determines the 98 
structural arrangements 16.   99 
 100 
 Recent DFT calculations have identified the position of the arsenite bands.  In the 101 
Raman spectrum of dixenite two low intensity bands are observed at 861 and 751 cm-1.  The 102 
calculated values are as follows AsO32- symmetric stretching mode at 839 cm-1,  103 
antisymmetric stretching mode at 813 cm-1, and the deformation mode at 449 cm-1.   104 
This compares with experimental values of 868, 853 and 418 cm-1 respectively. Ogden and 105 
Williams 17 published the infrared spectra of selected arsenite compounds and observed bands 106 
at 393, 852 and 863 cm-1.  The latter two bands were assigned to the (As2O4)2- stretching 107 
vibrations.  Matrix isolated studies 18 of NaAsO2 reported bands at 868, 853 and 418 cm-1. 108 
The assignment of these bands is in good agreement with our DFT calculations and the 109 
Raman spectrum of  dixenite.  The infrared spectrum of dixenite (Fig. 2) shows a series of 110 
overlapping bands at 577, 654, 726, 805 and 836 cm-1.  These bands are all attributed to a 111 
mixture of stretching vibrations of the arsenate and arsenite units.  It is not known with 112 
precision what is the position of the AsO43- Raman bands.   In the formula of dixenite the 113 
ratio of arsenite to arsenate is 5:1.  The intensity of the Raman bands of the arsenite anion 114 
must be significantly greater than that of the arsenate anion. By far the most intense band in 115 
the spectrum of dixenite is the band at 526 cm-1 (Fig. 3).  This band may be assigned to the ν2 116 
(AsO3)2- bending modes.  This band may correspond to the infrared band observed by Ogden 117 
and Williams at 393 cm-1.  Szymanski et al. 19 also found a Raman band at 375 cm-1.  118 
Bencivenni and Gingerich reported a band at 418 cm-1 and assigned this band to the δ AsO3 119 
bending mode 20.  The low intensity bands at 385 and 428 cm-1 may be attributed to the 120 
(AsO3)2-  ν4 bending modes.   121 
 122 
The Raman spectrum of dixenite in the 2500 to 4000 cm-1 region is reported in Fig. 4.   123 
Bands are observed at 2569, 2635, 2746, 2828 and 2865 cm-1.  It is thought that these bands 124 
are due to organic compounds on the surface of the mineral.  Four bands are observed in the 125 
OH stretching region at 3247, 3449, 3580 and 3644 cm-1. The assignment of these bands is as 126 
follows: The two higher wavenumber bands are assigned to OH stretching vibrations of the 127 
OH units.  The two bands at 3247 and 3449 cm-1 are attributed to the stretching vibrations of 128 
water.   The presence of Raman bands assigned to water provides evidence that water is 129 
involved in the structure of dixenite. The position of these bands is such that it is suggested 130 
that the water is bonded to the cations in the dixenite structure.  The infrared spectrum of 131 
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dixenite in the hydroxyl stretching region is reported in Fig. 5.  The spectrum consists of a 132 
broad envelope which may be resolved into component bands at 3000, 3287, 3430, 3550 and 133 
3625 cm-1.  In harmony with the Raman spectrum of dixenite in this region, the first three 134 
bands are assigned to water and the last two bands to OH stretching vibrations.  Both the 135 
Raman and infrared spectra indicate that water is present in the structure of dixenite.  This 136 
brings into question the commonly accepted formula of dixenite 137 
CuMn2+14Fe3+(AsO3)5(SiO4)2(AsO4)(OH)6.  The formula probably would be better written as 138 
CuMn2+14Fe3+(AsO3)5(SiO4)2(AsO4)(OH)6·xH2O. 139 
 140 
CONCLUSIONS 141 
 142 
 The Raman spectra complimented with the infrared spectra of the mixed anion 143 
arsenite-arsenate  minerals dixenite  are reported for the first time. DFT calculations of an 144 
isolated arsenite ion have been undertaken. DFT calculations estimated the position of the 145 
AsO33- symmetric stretching mode at 839 cm-1, the antisymmetric stretching mode at 813  146 
cm-1, and the deformation mode at 449 cm-1.  The Raman spectrum of dixenite shows bands 147 
at 839 and 813 cm-1 assigned to the (AsO3)3- symmetric and antisymmetric stretching modes.  148 
The assignment of these bands is in good agreement with our DFT calculations and the 149 
Raman spectrum of  dixenite.  The most intense Raman band of dixenite is the band at 526 150 
cm-1 assigned to the ν2 AsO33- bending mode. 151 
 152 
Raman  bands at 1026 and 1057 cm-1 are assigned to the SiO42- symmetric stretching 153 
vibrations.  The two Raman bands at 1349 and 1386 cm-1 may be attributed to the SiO42- 154 
antisymmetric stretching vibrations.  Both Raman and infrared spectra prove the presence of 155 
water in the structure of dixenite.  This brings into question the commonly accepted formula 156 
of dixenite as CuMn2+14Fe3+(AsO3)5(SiO4)2(AsO4)(OH)6.  The formula is better written as 157 
CuMn2+14Fe3+(AsO3)5(SiO4)2(AsO4)(OH)6·xH2O.  Raman spectroscopy explores the 158 
molecular structure of dixenite which appears at variance to that defined by X-ray 159 
crystallography. 160 
 161 
 162 
 163 
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